ZOOLOGIA 32 (4): 263-269, August 2015 P. ayeaye, since it has been classified as Critically Endangered according to the International Union for Conservation of Nature -IUCN (CARAMASCHI et al. 2010 ), while it is no longer considered endangered by the new List of Threatened Species of the Brazilian Fauna (ICMBIO 2014) . Indeed, ecological niche modeling uncovered a theoretically broader geographical distribution for the species (GIOVANELLI et al. 2008) . Additionally, P. itacolomi Caramaschi, Cruz & Feio, 2006 and P. ayeaye were synonymized based on morphology, which expanded the distribution area of P. ayeaye (BAÊTA et al. 2009 ). However, little is known about the natural history of this species, including calling behavior and repertoire, precluding inference on the actual population status. In the present study, we describe the advertisement and release calls of P. ayeaye and report on a male-male fight and social functions of the different notes.
MATERIAL AND METHODS
The current study was conducted in the municipality of Sacramento, Minas Gerais state, southeastern Brazil, in the Cerrado of the Serra da Canastra mountain range. The region is characterized by a markedly seasonal regime, with a dry winter (April-September) and a hot and rainy summer (OctoberMarch). The topography is mountainous (up to 1,500 m elevation), with deep valleys and many streams, and the landscape is composed of savannas, grassland fields, gallery forests alongside streams, and small regions of semi-deciduous forest (DIETZ 1984) . Individuals of P. ayeaye were active in a pond associated with a temporary stream (20°13'09.9"S, 47°06'21"W, 880 m elevation), distant ca. 180 km in a straight line from the type locality.
Fieldwork was conducted from October 2010 to January 2011, and during February 2014, obtaining approximately 35 minutes of digital recordings from 34 hours of direct observations. During the night at the breeding site, males were located by their calls, and observed to investigate social functions of the calls emitted. Six males were collected, anesthetized with 10% lidocaine, fixed in 10% formalin, preserved in 70% ethanol (MCDIARMID 1994) , and deposited at Coleção de Anfíbios Célio F.B. Haddad, Departamento de Zoologia, I.B., Universidade Estadual Paulista, Rio Claro, SP, Brazil (voucher numbers: CFBH32772-32775, CFBH32777, CFBH32779). Body sizes (snoutvent length, SVL) of these six specimens as well as five other males captured and released in the same field were measured with a digital caliper to the nearest 0.01 mm. Air temperature was measured every night with a digital thermo-hygrometer to the nearest 0.1°C.
For the recordings, we used a Marantz Professional PMD-660 digital recorder, with a unidirectional microphone Sennheiser ME66. Bioacoustic analyses were conducted using the software Raven Pro 1.3 (Cornell Lab of Ornithology), at 16 bit resolution and 44,100 Hz sampling rate, using FFT = 512 (Fast Fourier Transformation). Short notes of the simple call, short notes of the composite call, and long notes were analyzed separately. We gently simulated an axillary amplexus, characteristic of the species (R.C. NALI pers. obs.), to record the release calls of each male either in the field on the same night or in the laboratory the day after male collection. We adopted the following terminology (adapted from MARTINS & JIM 2003 , TOLEDO et al. 2014 ): 1) call: a sequence of sounds produced and emitted in a temporal pattern; 2) note: temporally discrete vocalization units composing the call; and (3) pulse: subdivision of the note in smaller temporal units. We measured the following bioacoustic variables: number of short notes emitted in sequence, number of pulses/note, note duration (s), interval between notes (s), and minimum, maximum, and dominant frequencies (Hz). We then tested for statistical differences between the variables of the short notes of the simple and composite calls using Student's t-tests (ZAR 1999) .
Additionally, to evaluate male aggressive responses, we acoustically and visually stimulated resident males. The acoustic stimulus was a recording in WAV format (approximately one minute), containing four simple advertisement calls with an average of nine short notes emitted in sequence (air temperature of recording = 21.8°C). This recording was broadcasted to a resident calling male at a distance of 40 cm, using a digital recorder connected to a mini-speaker. The visual stimulus consisted of placing an intruder male ca. 15 cm away from a resident male; in this case, a video was recorded using a Canon 7 digital camera.
RESULTS
Males of P. ayeaye had an average SVL of 33.17 ± 1.94 mm (31.28-36.6 mm; N = 11), and mostly called from leaves and branches of small trees and bushes surrounding the stream, about 1.5 to 2 m above water or ground. We recorded the advertisement calls of two collected males (10 th October 2010, air temperature = 18.5°C; 15 th December 2010, air temperature = 21.4°C), and four uncollected males (17 th November 2010, air temperature = 22.2°C; 19 th February 2014, air temperature = 23.5°C). Males of P. ayeaye emitted 1) simple advertisement calls with an average of six short pulsed notes, or 2) composite advertisement calls with a sequence of an average of six short pulsed notes followed by one long pulsed note (Figs 1-2, Table 1 ). The composite calls were more frequently emitted during more intense chorus activity, with various active males at the breeding site. Short notes of the simple call were statistically different from those of the composite call regarding N pulses/note (Student's t 116 = 9.1, p < 0.001), note duration (t 131 = 3.8, p < 0.001), maximum frequency (t 112 = 16.9, p < 0.001), minimum frequency (t 112 = 7.3, p < 0.001), and dominant frequency (t 112 = 5.2, p < 0.001; Table 1 ). On the other hand, the two types of short notes were similar regarding N notes emitted in sequence (t 44 = 0.7, p = 0.49) and interval between notes (t 121 = 1.4, p = 0.16; Table 1 ).
We recorded the release calls of five collected males (14-15 th November 2010, air temperature = 23°C; 17 th January 2011, air temperature = 21°C), and one uncollected male (10 th October 2010, air temperature = 18.5°C). The release call of P. ayeaye was also composed of short pulsed notes, but somewhat different from the short notes of the advertisement call (Fig. 3 , Table 2 ). For example, the mean interval between the short notes of the advertisement calls was approximately three-fold longer than that of the short notes of the release call. In general, spectral variables of the release calls varied to a greater degree and showed a wider spectrum of frequencies than the advertisement calls. We did not count the number of short notes emitted in sequence for the release calls, because this depended on how long the male was stimulated. This type of call was audibly more vigorous than the short notes of the advertisement calls.
We concentrated on behavioral observations on 18 th February 2014 (air temperature = 23.2°C). We observed a fight already in progress between two uncollected males (SVLs = 36.6 and 33.1 mm, Fig. 4 ). At 9:26 pm, the two fighting males were found hanging from a branch and holding each other, remaining still for seven minutes. Subsequently, one of the males started moving toward a nearby branch, and two minutes after reaching this branch with its front limbs, it managed to escape from the opponent. No calls were emitted during the time we observed the fight. The acoustic stimulation of one resident calling male (SVL = 35 mm) triggered an aggressive response in which the individual moved toward the speaker and responded vigorously with short notes followed by long notes (composite call). When we visually stimulated a resident male (SVL = 36.38) by placing another male (SVL = 33.2 mm) on the same branch, they started moving around the branches, first quietly, then calling aggressively to each other, using the composite call. No physical interactions were observed at this time, but males emitted approximately three short notes followed by a long note, rather than six short notes followed by a long note (Table 1) . Similar acoustic aggressive interactions were observed under natural conditions in which two males called vigorously to each other using both short and long notes. 
DISCUSSION
At the beginning of the calling activity or when individuals were isolated, simple advertisement calls (short notes only) were commonly emitted. During more intense chorus activity, with various active males at the breeding site, males emitted mostly composite advertisement calls (short and long notes). The short notes of both simple and composite calls were similar in the number of notes emitted in sequence and interval between notes, but differed in number of pulses per note, note duration, maximum, minimum, and dominant frequencies. We suggest that the composite advertisement call emitted by P. ayeaye is a mixed call, with one part possibly directed to females (short notes, advertisement) and the other directed to males (long notes, aggressiveness; see below). Male territoriality and reproductive success are often related in anurans (e.g., WELLS 1977 , URSPRUNG et al. 2011 ) although the emission of aggressive territorial signals might represent energy expenditure that could be used to attract females (WELLS 1988 , LINGNAU et al. 2004 ). Males of P. ayeaye tend to maintain territories along a stream (M.M. BORGES, unpublished data); therefore, mixed calls could be an efficient strategy used by males to convey messages related to both attracting females and enforcing territoriality between males, mainly in situations of high density (WELLS 1988 , NALI & PRADO 2014a . We observed one physical combat in progress between males of P. ayeaye, a behavior known in other species in this genus , COSTA et al. 2010 , VILAÇA et al. 2011 . During physical combats, male frogs may emit fighting calls sporadically (COSTA et al. 2010 , NALI & PRADO 2014b , TOLEDO et al. 2014 ); thus, we may have failed to observe this type of call for this species. In addition, acoustic aggressive interactions have been reported for other congeners. For example, Phyllomedusa nordestina Caramaschi, 2006 emits a territorial call intercalated with advertisement calls (VILAÇA et al. 2011) , which is very similar to the long note of the composite call described in this study for P. ayeaye. A similar long note was also described for Phyllomedusa centralis Bokermann, 1965, emitted by males as a response to playbacks (BRANDÃO et al. 2009 ). Males of P. ayeaye did not emit long notes alone, but always after a sequence of short notes (Fig. 3) ; these composite calls were observed 1) without our interference, 2) when we acoustically stimulated a resident male, and 3) when we placed an intruder male next to a resident male, in which case they emitted less short notes and more long notes to each other. Thus, we suggest that in P. ayeaye (1) the long note of the composite advertisement call is probably aggressive and directed to males and (2) this type of note might be a part of a mixed advertisement call, and not an aggressive call itself. We encourage further systematic experiments using acoustic and visual stimulation on males to confirm social functions of notes, and to test whether their variables can change in escalated aggressive interactions (e.g., MARTINS & HADDAD 1988 , NALI & PRADO 2014a .
Release call descriptions are scarce compared to those of advertisement calls (TOLEDO et al. 2014) . The release call of P. ayeaye was composed of short pulsed notes, which are similar to those of the advertisement calls. However, the average interval between notes was shorter than that of the advertisement calls, and spectral variables showed greater variation, with a wider spectrum of frequencies (Table 2) . Short pulsed notes are also characteristic of the release call of Phyllomedusa rohdei Mertens, 1926, similar to its territorial call type 1, but with lower intensity . Release calls composed of short pulsed notes may represent a shared phylogenetic trait because both species belong to the P. hypochondrialis group (FAIVOVICH et al. 2010) ; however, a greater number of studies of this type of call are necessary. Besides phyllomedusines, the release call of the hylid Hypsiboas goianus (Lutz, 1968) showed harmonic structure similar to the advertisement call, although some acoustic variables differed on average from those of the advertisement and aggressive calls (DIAS et al. 2014) . The release call of the toad Rhinella jimi (family Bufonidae) was composed of several randomly spaced and distributed notes, with variable amplitude and dominant frequency similar to its advertisement call (GARDA et al. 2010) . In addition to what we found for P. ayeaye, these examples highlight a number of similar traits between release and advertisement calls, which strengthens the idea that the advertisement calls of anurans may have originally evolved from simple release signals (RAND 1988 , SCHMIDT et al. 1990 .
Descriptive aspects of natural history are crucial to investigate the relationship among species and evolution of anuran reproductive behavior (GERHARDT 1994 , FAIVOVICH et al. 2010 ). Herein, we described the calling repertoire of P. ayeaye, which will be useful to support its synonymization with P. itacolomi (BAÊTA et al. 2009 ). We provided evidence of acoustic aggressive interactions and the first observation of male physical combat for this species, supporting the hypothesis that male aggressive behavior may be common in this genus (VILAÇA et al. 2011) . Finally, the present study may represent a starting point for further behavioral studies on this species and other Phyllomedusa species that have had their calls described, but not rigorously classified (sensu TOLEDO et al. 2014) .
